A rare carbapenem-resistant gene bla SIM-1 was found in a 316-kb megaplasmid 16 designated pSIM-1-BJ01 isolated from a clinical strain Klebsiella pneumonia 13624.
INTRODUCTION
SIM, a rare member of metallo-β-lactamases (MBLs), belongs to Class B1 MBL S . It 33 can hydrolyze a broad array of β-lactams, including penicillin, narrow-to 34 expanded-spectrum of cephalosporins, and carbapenems, but not monobactams. The
35
SIM-1 protein exhibits 64-69% identity with the IMP-type MBLs, which are its 36 closest relatives. The first reported bacteria carrying bla SIM-1 were Acinetobacter 37 baumannii isolated from Korea in 2005 (1) . In bla SIM-1 -harboring Acinetobacter 38 isolates collected from 2003 to 2008 in Korea, most of the bla SIM-1 genes were carried 39 in ca. 280-kb plasmids; further study found that the plasmids were transferable, but 40 not promiscuous (2). In 2011, an A. baylyi strain with a 360-kb plasmid carrying both 41 bla SIM-1 and bla was isolated from a Chinese patient in Ningbo of China, who 42 had no history of visiting Korea, but the sequence of the 360-kb plasmid was unclear 43 (3). In 2012, a Pseudomonas aeruginosa strain with a 282-kb bla SIM-2 -harbouring 44 plasmid pHN39-SIM (Genebank Acession Number KU254577) was isolated from a acid substitution Gly198Asp (4). Overall, the detection of bla SIM is rare and mainly 48 reported by South Korea and China, mostly confined to Acinetobacter spp. and P. 49 aeruginosa.
51
The reported bla SIM-1 genes, derived from chromosome or plasmids, were always 52 carried on a gene cassette inserted into a class І integron with three additional resistant 53 4 genes (arr-3, catB3 and aadA1). Except for the bla SIM-2 -harbouring plasmid 54 pHN39-SIM from P. aeruginosa, none of these plasmids is fully sequenced. 
RESULTS

98
Antibiotic Resistance of the bla SIM-1 -Carrying K. pneumoniae 99 The isolated K. pneumoniae 13624 strain was resistant to ampicillin, cephalosporin, 100 and carbapenem, but sensitive to ciprofloxacin, levofloxacin, and colistin (Table 1) . 101 We detected the major carbapenemase genes by PCR, only the bla SIM-1 gene was 102 amplified.
104
In the conjugation experiment, we also detected the bla SIM-1 by PCR in the recipient 105 E.coli J53 Azi r , suggesting that a transferable plasmid (designated pSIM-1-BJ01) 106 might exist in the clinically isolated K. pneumoniae. The transferable plasmid 107 pSIM-1-BJ01 might give the recipient E.coli J53 Azi r the carbapenem resistance, as 108 shown in Table 1 .
110
We sequenced the whole genome of the isolated K. pneumonia and found that there 111 were three drug-resistant plasmids in the isolated K. pneumonia. They are respectively 112 the bla SIM-1 -harboring megaplasmid pSIM-1-BJ01 ( Fig. 1 to phage invasion and assembly also existed in its backbone, as shown in Fig. 1 .
125
The sequence alignment showed that most of the pSIM-1-BJ01 backbone was 126 homologous to that of the plasmid pRJA166a (Genebank Acession Number The plasmid pSIM-1-BJ01 possesses two MDR regions. The MDR-1 harboring the 138 bla SIM-1 is totally 63-kb in length (from 34,322 bp to 97,308 bp), including nine 139 resistant genes (bla arr3, catB3, aadA15a, qacEΔ1, sulI, dfrA, qnrS1 and 140 aph(3')-Ia ) as shown in Fig. 2A . The bla SIM-1 is also embedded in the conserved gene Fig. 2A . Except for the mer array, the pSIM-1-BJ01 also owns the tellurium 163 9 resistant gene (ter) array in MDR-1 region, the ter array of pSIM-1-BJ01 is 99% 164 identical to that of pRJA166a (from 78,751bp to 93,171bp) (6).
166
The relB adjacent to the mer array belongs to type II toxin-antitoxin systems which 167 are expected to increase the longevity of plasmids in bacterial populations even in the 168 absence of selection pressure due to antibiotics and metals. Co-occurrence of metal 169 resistance genes, antibiotic resistance genes and toxin-antitoxin genes together on a 170 conjugative plasmid highlights the potential clinical consequences of co-selection (9).
172
The MDR-2 region of pSIM-1-BJ01 173 The length of MDR-2 is 39-kb from 226,714 bp to 265,885 bp, including ten 174 resistant genes (msrE, mphE, armA, dfrA1, aadA5, qacEΔ1, sul1, catA2, tetR and tetD) 175 as shown in Fig. 2B . The MDR-2 contains two replication initiation protein genes 176 repA and repB. One fragment of the MDR-2 (from 233,359 bp to 254,517 bp) is 99% 177 identical to that of the plasmid pOZ181(from 189,543 bp to 210,753 bp) isolated from 178 a bla IMP-4 -carrying C.freundii B38 (7), the 21-kb fragment contains resistant genes The infection rate of carbapenem-resistant K. pneumoniae (CRKP) has increased 209 substantially in the past 10 years, even a fatal outbreak of hypervirulent 210 carbapenem-resistant K. pneumonia (hv CRKP) in a Chinese hospital (11) (12) (13) . Here, 211 we presented a clinically isolated K. pneumonia with three resistance plasmids.
212
Among them, the plasmid pSIM-1-BJ01 carried the rare carbapenemase gene bla SIM-1 .
214
The very rare carbapenem-resistant gene bla SIM-1 was usually found in Acinetobacter 
